Four myccorhizal fungi strains {Glomus facultative, Glomus mossae, Glomus agregatum and Glomus intraradices } and goat manure were assessed as options to NPK fertilization on fodder production by Moringa oleifera over a 60-day growing period in a randomized complete design. Germination percentages, average plant heights, canopy formation, biomass yields and fodder:stem ratios were monitored. Experimental soil samples' and resulting moringa fodders' contents of N, P and Ca were assessed. No fertilization (P>0.05) effects were observed on germination percentage and plant height at germination. The myccorhizal fungi (except Glomus facultative), NPK and goat manure produced comparable moringa biomass yields, with each treatment producing above 4 tons DM/ha. Fertilization effects (P<0.05) were however observed on plant height at harvest, final canopy formation and the resulting fodder:stem ratios. No significant (P>0.05) effects were observed on the mineral contents of the moringa fodders, while a significant (P<0.05) depletion in available soil P was observed. Two of the investigated mycorrhizal fungi; Glomus agregatum and Glomus mossae, and goat manure applications could be practical alternatives to chemical fertilization in the cultivation of Moringa oleifera for fodder production, with goat manure having the edge in terms of relative availability, cost and nutrient recycling.
INTRODUCTION
Agriculture is the main source of income for many Gambians, with most of the population depending on subsistence agriculture (NAPA, 2007) . Mixed croplivestock farming is practiced throughout the country, although there are local variations related to ethnic traditions and preferences (PSIP, 2007) . Groundnut (Arachis hypogea) is the dominant crop, with significant hectarage of grain crops, such as millet (Pennisetum glaucum) and maize (Zea mays), also present (Peter and Schulte, 1996) . In The Gambia, livestock contributes approximately 24% of the agricultural gross domestic product, with an estimated growth rate of 3.3% (FAO, 1997) . Beef and dairy cattle as well as small ruminant production in the country are predominantly based on the free range pastoral system (NAPA, 2007) . Rangelands cover an area of about 500,000 ha across the country (NEA, 1997; Bobb et al., 2005) . Rangeland vegetation is dominated by Andropogon spp. Fodder trees, which thinly populate the rangelands, include Acacia seyal, Daniella oliveri, Ceiba pentranda, Moringa oleifera and Pterocarpus erinaceus. Natural pressure on rangeland comes from rainfall variability and sustained periods of hot weather (NAPA, 2007) . The acknowledged negative climatic changes (Nkomo and Gomez, 2005) have resulted in a continuous shrinkage of rangelands (NAPA, 2007) and also negatively impacted on groundnut hay availability, the traditional feed resource of choice for ruminants in urban and peri-urban areas (Akinbamijo et al., 2004) . According to Bobb et al. (2005) , a 29 -40 % drop in biomass, depending on species considered, is expected to accompany projected climate changes. Cole et al. (2005) estimated that there will be a 40% drop in groundnut yields due to rising temperatures, with a resultant drop in groundnut hay availability. It therefore became necessary to investigate the potentials of alternative feed resources. The International Trypanotolerance Centre (ITC), Banjul, The Gambia, therefore, screened more than thirty five feed resources that can be used by urban ruminants as basal and/or supplement diets (Akinbamijo et al., 2004) , and also with a focus on the need to strengthen the biocapacity of rangelands at the national level. Moringa oleifera was identified as a promising candidate for this twin-objective as it can be established on large scales using the intensive feed garden approach.
Although the productivity of moringa in industrial plantations can be very high, there is need for continued research to find out whether, in the long run, this kind of productivity is truly sustainable, and at what costs (Foidl et al., 2001) . The approach has been reported (Akinbamijo et al., 2004; Radovich, 2009 ) to make high demands on water and fertilizer requirements for optimum production. A fertilization regime of 50 kg/ha/month with NPK compound fertilizer was observed as imperative for high biomass yields in some preliminary studies at the ITC (Akinbamijo et al., 2004) . Olivier (No date) reported that after several trials by the Church World Service (CWS) at a location north of Dakar, Senegal, the best performing results were observed with between 32 and 48 kg NPK per week, depending on the visible condition of the plants. Access to fertilizer is however limiting and usage very low, especially among subsistence farmers in The Gambia and those in other sub-Saharan nations (Ceesay, 2004) . This situation has been associated with the high cost of fertilizer importation and transportation to the rural areas. In The Gambia, in absolute values, nitrogen costs between $2 and $3 per kg when applied as 15-15-15 or 8-24-24 NPK fertilizer, while phosphorus and potassium cost between $1 and $2 when applied as one of the two combinations (FAO, 2002) .
Reports are found in the literature on the use of natural approaches to mitigate the effects of chemical fertilization as well as cut down on production costs for some crops. Inoculation with arbuscularmycorhizal fungi (AMF) is a promising strategy to enhance plant growth and P nutrition while reducing inputs in the tropics (Radovich, 2009) . AMF are obligate symbionts that colonize the roots of most terrestrial plants, which generally benefit from this AMF association through increased plant nutrient uptake, plant growth and survival rates (Akhtar and Siddiqui, 2007; Smith and Read, 2008) . The AMF association may also increase the host plant resistance/tolerance against biotic (Hol and Cook, 2005; Akhtar and Siddiqui, 2007) , and abiotic stresses including salinity and drought (Smith, 1987; Sudova et al., 2007) . Many species of AMF are known to exist, and plant host response differs with the different fungal species (Carling and Brown, 1980; Wilson, 1988) . However, there is a dearth of information on the mycorrhizal status and inoculation of Moringa oleifera, with only a few reports (Farias et al., 2008; Radovich, 2009; Yamato et al., 2009 ) being available. Farias et al. (2008 assessed the responses of Moringa oleifera plants inoculated with mycorrhizal fungi and submitted to water stress while Radovich (2009) evaluated two genotypes of Moringa oleifera ('PKM-2' and 'Hawaii') and one accession of Moringa stenopetala (Steno) for their response to inoculation with Glomus aggregatum. Yamato et al. (2009) reported on the community structure of AMF in the roots of Moringa spp. in semiarid regions in Madagascar and Uganda. In spite of the limited available data, it has been established that generally, the majority of vegetable crops and fruit trees that are important in human and animal nutrition form symbiotic associations with AMF (Nair, 1998; Ambe, 2001) . Hence, it is important to explore the possibility of utilizing these micro-symbionts in agriculture, and thus make it possible to encourage healthy cultural systems by reducing the use of chemical inputs, and sustain a better productivity and ecosystem preservation (Guissou, 2009 ). Some reports (Mahn et al., 2005; Oliveira Jr. et al., 2009) are available on the application of different animal manures in moringa cultivation, with Oliveira Jr. et al. (2009) reporting that chicken manure applied at 10 tons/ha had an edge over cattle and goat manures applied at 20 tons/ha each, in terms of plant height and diameter up to 90 days after sowing.
With the above in mind and within the West African farming context, the present study assessed four strains of myccorhizal fungi (Glomus facultative (Gf), Glomus mossae (Gm), Glomus agregatum (Ga) and Glomus intraradices (Gi) and goat manure as organic fertilization options to NPK (15-15-15) application on the agronomic performance of Moringa oleifera for biomass production using the intensive cultivation approach.
MATERIAL AND METHODS
Experimental site: The study was conducted between July and September, 2007 at the ITC, Banjul, The Gambia. ITC is located in Kerr Serrigne, which lies between the latitude 14 o 45' and 16 o 45' (Diack et al., 2005) . The country is classified as a semi-arid zone in agro-climatic terms (Bourn et al., 2001) , with one wet season (June -October) followed by a seven month dry season; November till May (Agriculture and Farming in The Gambia, 2012). Production on 98 % of cropland in The Gambia relies on rainfall (Nkomo and Gomez, 2005) .
Acquisition of moringa seeds, AM fungi, NPK fertilizer and goat manure: The seeds used in this study were sourced from Radville farms, Nemakunku. The farm is at the forefront of vegetable production for the export market in The Gambia. They were thoroughly cleaned of all impurities before being planted. Spores of the four strains of AM fungi that were used in this study were obtained from MIRCEN/Laboratoire Commun de Mocrobiogie IRD-ISRA-UCAD, Dakar, Senegal, while the compound NPK (15-15-15) fertilizer was purchased from a reputable agro-chemical store at Brikama, located in the Western region of The Gambia. Goat faecal droppings were collected from the Small Ruminant Unit of ITC, sun-dried, partially pulverized and bagged during the dry season preceding the study.
Soil analysis, land preparation and plot establishment: Prior to land preparation, soil samples were taken with an auger randomly to a depth of about 15 cm from 200 spots from the experimental site. The samples were bulked, air-dried and ground to pass through a 2 mm mesh. Samples of the soil were leached by Ammonium acetate (NH4Ac). Total nitrogen (N) was determined by micro-kjeldahl method and available phosphorus (P) by molybdenum blue colorimetry after Bravay-1 extraction. The calcium (Ca) content was obtained by titration while magnesium (Mg) was determined by the use of atomic absorption spectrophotometer. The pH was determined by using a digital electronic pH meter at soil : water (2:1) suspension. The hydrometer method was used for particle size analysis. The experimental site, measuring about 0.012 ha, was prepared by conventional tillage; clearing the land of weeds followed by ploughing and mapping out into seven (7) plots of an equal number of sub-plots each with each sub-plot for an experimental treatment, giving a total of 49 experimental units. Each of the 7 fertilization treatments was allocated to every plot using a complete randomized design (CRD). Each sub-plot measured 1.5*1.5 m with a spacing of 1 m between sub-plots for ease of movement during cultural operations. Establishment was by direct seeding in the field at a depth of about 2 cm as recommended by Sharma and Raina (1982) , with 2 seeds/hole and at a spacing of 20*20 cm to give 250,000 plants/ha. There were six fertilizer application treatments, which comprised of inoculation with four strains of AM fungi (Glomus facultative (Gf), Glomus mossae (Gm), Glomus agregatum (Ga) and Glomus intraradices (Gi), mineral fertilization with NPK, and goat manure application (GM) with zero fertilization (ZF) as a control. Control of weeds was done manually twice (3 rd and 6 th weeks) before harvesting for biomass evaluation. Soil sampling and analysis were repeated on completion of the study.
Fertilizer application and myccorhizal inoculation techniques:
With about four weeks to the commencement of the study, the stored dry and partially pulverized goat manure was manually incorporated into the sub-plots designated for this treatment at about 2.5 tons DM/ha. AM fungi inoculations were done at 10 g/hole simultaneously with seed sowing. NPK was broadcasted at the rate of 50 kg/ha immediately after planting, and this was repeated four weeks after germination.
Assessment of performance indices:
Data were collected on germination percentage, canopy formation and plant height at two (2) weeks and subsequently weekly until harvesting. Plants were harvested from within a randomly-placed 1-m quadrat within each sub-plot 60 days after planting at 20 cm above ground level for biomass yield evaluation, which was done with a weighing scale on the field. Five (5) plants were randomly selected from each quadrat and pooled together for each treatment, and thereafter taken to the farm house equipped with electronic balances for fodder:stem ratio determination of the resulting biomasses. Leaves, soft stems and twigs that could be used as animal fodder were considered as the "fodder" fraction, while the hard and woody part that could not be used as livestock fodder was regarded as the "stem" fraction. The "fodder" fractions were sampled, and the samples were pooled together for each treatment and oven-dried at 70 o C for 48 hours for dry matter (DM) determination. The samples were milled to pass through a 1mm sieve. Total nitrogen (N) was determined by Kjeldahl procedure (AOAC, 2000) . Acid detergent fibre (ADF) and neutral detergent fibre (NDF) contents were analyzed with ANKOM Technology Methods (2001a and b). P and Ca contents were measured with the aid of an atomic absorption spectrophotometer.
Statistical analyses: Soil property differences between pre-planting and post-harvest periods were analyzed using the student' t-test, while the other performance indices were subjected to ANOVA using the GLM of SAS (1998). Significant differences were separated by DNMRT of the same package.
RESULTS AND DISCUSSION
Pre-planting and post-harvest soil characteristics: Results of soil analyses at the experimental site, pre-planting and post-harvest, were as shown on Table 1 . The experimental site was slightly acidic going by the observed pH values (6.40 and 6.45), with a low content of organic matter (1.40 -1.45 % organic C). The results of the particle size analyses (Sand : Silt : Clay; 70 : 19.5 : 10.5) showed the presence of sandy loam soil. Comparable amounts of nutrients, except for available P, were available in the soil, pre-planting and post-harvest. Although the experimental site was grossly sampled for soil analysis, some earlier reports (Olayinka, 1990; Smith and Ayenigbara, 2001; Awodun et al., 2007) indicate increased availability of cations with goat manure and NPK fertilizer applications. Olayinka (1990) attributed the effect of NPK to increased organic matter contents while Awodun et al. (2007) related the effects of goat manure to increase in soil pH. Nonetheless, the obtained values were within the ranges reported by Ceesay (2004) in Western Region of The Gambia. According to Price (2005) , moringa does well in welldrained sandy or loamy soil, but the soil should not be water-logged. It will tolerate a wide pH range (5.0 -9.0), and grows well in alkaline conditions of up to a pH of 9.0. In general, soil organic matter is low in Gambian soils (Ceesay, 2004) . This has been attributed to the long dry season and the consumption of crop residues off the field by livestock, resulting in very little above-ground residue being returned to the soil. Although the experimental site had been left to fallow for about three years before the study, the Centre's (ITC) milking herd, comprised mainly of F1 crosses from N'Dama × Holstein Friesian cattle breeds, repeatedly grazed the area as part of their feeding plan for the period. Soil organic matter makes a critical contribution to soil fertility. It contains 95 % or more of the total N present in most soils, and in some, it may contain as much as 60 % of the total phosphorus and 80 % of total sulphur (Ceesay, 2004) . In a study of soil nutrients in The Gambia, Peters and Schulte (1996) reported the following widespread deficiencies Z>S>N>P>K. Under drought conditions, phosphorus could be more deficient (Ceesay, 2004) . However, the arbuscular mycorrhizal fungi are well known to facilitate plant mineral nutrient uptake, particularly under conditions of P-limitation, as it is common in tropical soils due to leaching and/or severe immobilization. The depleted status of available P post-harvest could probably be attributed to this phenomenon. There are limited reports in this area with moringa. The only available one evaluated two genotypes of Moringa oleifera ('PKM-2' and 'Hawaii') and one accession of Moringa stenopetala (Steno) for their response to inoculation with Glomus aggregatum under varied soil solution P concentrations in two greenhouse experiments. The response of the three genotypes varied significantly and was dependent on soil solution P concentration. Dry matter accumulation and tissue P levels of all genotypes were generally enhanced by inoculation at relatively low soil-solution P concentrations (0.009-0.02 mg L -1 ). Fertilization effects on growth parameters and above-ground biomass production: Table 2 shows the germination, growth and above-ground biomass yield responses of Moringa oleifera to different fertilization regimes. Irrespective of the fertilization regime, germination was observed to have been completed by the 14 th day after sowing, and the germination percentage ranged between 80 and 84 % with no significant (P>0.05) treatment effects. Plant height at germination was also not significantly (P>0.05) affected by the fertilization regimes; with values ranging from 14.75 to 16.38 cm. Germination percentage, defined as the percentage of seeds from a seed population that produce a seedling (Hartmann et al., 2002) , is principally affected by temperature, oxygen, water and light, of which temperature is the most significant (Hartmann et al., 2002) . The germination of Moringa oleifera seed is hypogeal, that is, the cotyledons remain beneath the soil surface where they have been deposited (De Vogel, 1980) . The germination percentage ranges between 60 and 90 % for fresh seeds (Jahn et al., 1986) and the seed germinates at between 7 and 30 days after sowing (Sharma and Raina, 1982) . Hydropriming for 12 hours before sowing could have influenced the germination percentages to have risen close to the upper limit of 90 %. Available reports (Tedonkeng et al., 2004; Nouman et al., 2012) indicate that hydropriming increases the germination of moringa seeds. It is further reported to increase shoot length, and fresh and dry weights of moringa seedlings as well as increase the multiplication of shoot tip cells (Bose and Mishra, 1992; Nouman et al., 2012) . Hydropriming has also been reported (Santos et al., 2011) to an effective tool to induce tolerance in moringa seeds to salt stress, and has been described by Nouman et al. (2012) as organic, inexpensive and environmentally-friendly.
Fertilization effects (P<0.05) were observed on plant height at harvest, which was done 60 days after planting. Plant heights ranged between from slightly over 40 cm to about 65 cm. Ga, Gm fertilization regimes produced the highest plants while the shortest plants were observed with Gi fertilization. These values appeared moderate to fairly high when compared to reported values (Morton, 1991; Nouman et al., 2012) . Morton (1991) reported that moringa seedlings gained a height of 20 to 30 cm after 6 weeks of sowing, while Nouman et al. (2012) reported a height of 30 cm after 20 days of sowing. Fertilization effects (P<0.05) were also observed with canopy formation, biomass yield and fodder:stem ratio. NPK fertilization produced the largest canopy (82.50 %), and correspondingly highest biomass yield (4.53 tons/ha) and fodder:stem ratio (80:20). Moringa plants with goat manure application followed in terms of the three performance indices. Canopy formation for plants with Ga (52.50 %) and Gm (54.38 %) were comparable to what was observed for the control plants (55.63 %) while Gf and Gi produced smaller canopies; 34.38 and 36.25 % respectively. In The Gambia, drought at the time of crop germination (immediately after planting) and late season drought (terminal drought) are often the most critical (Ceesay, 2004) . Hence, the possible beneficial effects of a large canopy size on plant recovery following possible drought cannot be down-played. Rice genotypes in The Gambia with bigger canopy size are reportedly (Fukai, 1999) more severely affected by early-season drought, as leaf water potential decreases rapidly and a large number of green leaves are lost. However, there may still be a higher leaf area index at the end of the drought period because of their large canopy size at the beginning, and they could then recover more quickly and produce more biomass (Fukai, 1999) . Although NPK fertilization produced the largest (P<0.05) biomass, all the other fertilization options, except Gf and the control (ZR), produced more than 4.0 tons/ha each. However, GM fertilization produced a significantly (P<0.05) higher biomass relative to all the four mycorrhizal fungi that were investigated. A similar trend was observed for the fodder portions of the respective biomasses when they were partitioned into fodders and coarse stems. The biomass yields obtained in this study (3.83 -4 .53 tons DM/ha at 250,000 plants/ha) seemed in tandem with the report of Foidl et al. (2001) . The researcher reported 3.33 and 5.05 metric tons of moringa DM at first cutting at for 95,000 and 350,000 planting densities respectively. In this study, NPK fertilizer produced the highest (P<0.05) yield of 4.53 tons/ha followed by goat manure (4.36 tons/ha). Similar observations with Indian spinach were attributed by Smith and Ayenigbara (2001) to a quicker release of N, P and K from the fertilizer. The relative importance of the different fertilization options to produce useful fodder, that is, leaves and soft stems and twigs, is shown by the fodder:stem ratios (NPK>GM>Gm=Ga=Gf=Gi; Table 2 ). Awodun et al. (2007) reported increased number of tomato leaves with NPK and goat manure applications.
Effects of fertilization regimes on nutrient concentrations of Moringa oleifera fodder:
No significant (P>0.05) effects of the experimental fertilization regimes were observed on the nutrient concentrations of moringa fodder (Table 3 ). The resulting fodders were succulent with dry matter contents within the range of 27 and 28 %; comparable to what was obtained for other commonly utilized browses (Aregheore, 2004) . Nitrogen (N) contents, widely acknowledged as indicators of crude protein value, were comparable (3.05 -3.20) for all the fertilization regimes. These values could be regarded as relatively high when compared with those of tropical grasses on which most ruminants depend, which seldom exceed 2.4 (Reynolds et al., 1992) . The crude protein of moringa has also been reported (Becker, 1995) to be of better quality for ruminants because of its high content of by-pass protein (47% versus 30% and 41% for gliricidia and leucaena, respectively). Gliricidia and leucaena are two of the most commonly-utilized browses in ruminant nutrition (Odeyinka et al., 2003) . The contents of fibre fractions, as represented by acid detergent fibre (25.80 -28.50 %) and neutral detergent fibre (35.50 -36.50 %), all fell within the ranges that were described by Okoli et al. (2003) as low to moderate when compared with low quality roughages which ruminants can effectively degrade. Apart from N, two other elements which are considered essential in ruminant nutrition and whose levels of presence in forages determine pasture quality are phosphorus (P) and calcium (Ca). Forages are generally good sources of Ca while P availability varies with plant maturity and drought conditions among other factors (Norton, 1998) . The most devastating economic effect of phosphorus deficiency is documented to be reproductive failure, with phosphorus supplementation drastically increasing fertility levels in grazing cattle in many parts of the world (McDowell, 1985) . In this study, all the fodders resulting from the various fertilization regimes contained Ca and P levels higher than critical levels (McDowell, 1985) for small ruminants and cattle. Means in the same column with different superscripts are statistically different at 5 % level of significance. Germ. = Germination; Harv. = Harvest; ZR = Zero fertilization; NPK = NPK (15-15-15) fertilizer; GM = Goat manure; Ga = Glomus agregatum; Gm = Glomus mossae; Gf = Glomus facultative; Gi = Glomus intraradices; SEM = Standard error of the mean. (15-15-15) fertilizer; GM = Goat manure; Ga = Glomus agregatum; Gm = Glomus mossae; Gf = Glomus facultative; Gi = Glomus intraradices;
CONCLUSIONS AND RECOMMENDATIONS:
Goat manure and two of the investigated AMF, Glomus agregatum and Glomus mossae appeared as feasible and practical alternatives to mineral (NPK) fertilization for the production of Moringa oleifera in terms of total biomass yield and the resulting fodder:stem ratios. The resulting forages, irrespective of the fertilization treatment, produced fodders of comparative nutritive values that meet the nitrogen requirements of ruminants, as well as contained Ca and P at levels higher than critical levels for small ruminants and cattle. In terms of relative availability and cost, however, goat manure appears to have an edge over the investigated AMF. An additional advantage with goat manure is nutrient cycling, a cardinal principle in organic agriculture. 
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